C N O N O I S S E S R I V M AT OM I ON C W E S T F E L ICIA NA E A
S T F E L ICIA NA P OINT E COU P E E E A S T B AT ON R OU GE W E S T B AT ON R OU GE

In cooperation with the Capital Area Ground Water Conservation
Temperature in degrees Celsius (°C) can be converted to degrees Fahrenheit (°F) as follows: °F = (1.8 x °C) + 32
Datums
Vertical coordinate information in this report is referenced to the National Geodetic Vertical Datum of 1929 (NGVD 29).
Horizontal coordinate information in this report is referenced to the North American Datum of 1927 (NAD 27).
Introduction
Increasing chloride concentrations are a threat to fresh ground-water sources in East and West Baton Rouge Parishes, Louisiana ( fig. 1 ). In 2005, approximately 153 Mgal/d of water was withdrawn from 10 aquifers in East and West Baton Rouge Parishes ( fig. 2 ) (B.P. Sargent, U.S. Geological Survey, written commun., 2007) . The aquifers include the "400-foot," "600-foot," "800-foot," "1,000-foot," "1,200-foot," "1,500-foot," "1,700-foot," "2,000-foot," "2,400-foot," and "2,800-foot" sands of the Baton Rouge area. About 70 percent of the water was withdrawn in or near the City of Baton Rouge for public supply or industrial uses (B.P. Sargent, U.S.
Geological Survey, written commun., 2007) . Large withdrawals at Baton Rouge have lowered water levels and altered flow patterns in most of the 10 aquifers that underlie the area . Prior to development, freshwater flowed southward to the Baton Rouge fault, an east-west trending growth fault that extends through Baton Rouge and across southeastern Louisiana. Aquifers south of the fault generally contain saltwater.
1 Ground-water withdrawals north of the fault have created gradients favorable for the movement of saltwater from south of the fault into freshwater areas north of the fault (Tomaszewski, 1996, p. 1) .
Saltwater encroachment, which is the migration of saltwater into a freshwater area, was first documented in an aquifer beneath the Baton Rouge area, the "600-foot" sand, by Meyer and Turcan (1955) . Since that time, saltwater encroachment also has been documented in the "800-foot," "1,000-foot," "1,500-foot," and "2,000-foot" sands underlying East and West Baton Rouge Parishes (Morgan and Winner, 1964; Whiteman, 1979; . These studies also documented the presence, but not encroachment, of saltwater in the "400-foot," "1,200-foot," and "2,800-foot" sands north of the Baton Rouge fault.
Using data collected through 1992, showed that saltwater encroachment had continued in the "1,500-foot" and "2,000-foot" sands. Data collected from 1993 to 2003 from wells in a chloride-monitoring network indicate concentrations of chloride have increased in wells in the "1,000-foot," "1,500-foot," "2,000-foot," "2,400-foot," and "2,800-foot" sands in East and West Baton Rouge Parishes. Data from additional wells are needed to document current (2004-05) chloride concentrations in aquifers underlying the Baton Rouge area. In response to this need, the U.S. Geological Survey (USGS), in cooperation with the Capital Area Ground Water Conservation Commission, began a study in 2004 to document chloride concentrations in selected wells in East and West Baton Rouge Parishes. 
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Purpose and Scope
This report describes current (2004-05) chloride concentrations in ground water in East and West Baton Rouge Parishes. Data were collected from 152 wells, and selected data were collected and analyzed for quality-assurance and quality-control purposes. The data include wells sampled for routine chloride-monitoring purposes during the study period. This report documents and compares differences between historical and 2004-05 data. Well-construction information, specific conductance, and chloride concentrations for wells sampled during 2004-05 are presented by aquifer in a table. In addition, chloride concentrations in water from wells screened in the aquifers are presented on maps. Long-term changes in chloride concentrations at selected wells are presented in graphs. All data presented are stored in the USGS National Water Information System data base and are available at the USGS office in Baton Rouge, La. Information in this report may be useful to State and local water managers and planners and may help improve understanding of water-quality conditions in similar hydrogeologic settings in other areas of the United States.
Description of Study Area
The study area in southeasern Louisiana extends across about 645 mi 2 and includes East and West Baton Rouge Parishes, which are separated by the Mississippi River ( fig. 1 ). East Baton Rouge Parish had an estimated population of 412,000 in 2004 (U.S. Census Bureau, 2005 , and large areas of the parish are residential and commercial. West Baton Rouge Parish had an estimated population of 21,880 in 2004 (U.S. Census Bureau, 2005) , and much of the Parish is rural with large areas of forested wetlands. Baton Rouge, the largest city in the study area, and several industrial facilities are located along the Mississippi River ( fig. 1 ). The climate in the study area is generally warm and temperate with high humidity and frequent rain. At Baton Rouge, the average annual temperature is 68 ºF, and the average annual rainfall is about 60 in. (National Oceanic and Atmospheric Administration, 1995, p. 5 and 8).
Methods
Wells generally were selected to sample based on their proximity to the Baton Rouge fault or areas of saltwater delineated by . Many wells were sampled multiple times to determine whether chloride concentrations were changing during the study at the wells. Chloride data collected during this study were compared to historical data to determine whether chloride concentrations were changing over longer periods of time at the wells.
Water samples were collected from wells at a spigot or other discharge outlet; specific conductance and water temperature were measured in the field using methods described in U. S. Geological Survey (1997-present) . Samples were sent to the USGS National Water Quality Laboratory in Denver, Colo. for analysis of specific conductance and dissolved chloride concentration using laboratory methods described in Fishman and Friedman (1989) . For quality-assurance and quality-control purposes, sequential replicates were collected from 18 wells. Several of the replicates were analyzed for major inorganic ions in addition to specific conductance, temperature, and chloride concentrations. Quality-assurance data for chloride analyses are presented in table 1. Other data are on file at the USGS office in Baton Rouge.
WITHDRAWALS, IN MILLION
GALLONS PER DAY
Sand of the Baton Rouge area In the Baton Rouge area, wells often have multiple screened intervals. In some instances, wells are screened in more than one aquifer. In this report, wells screened in more than one aquifer are included in the discussions and on maps for both aquifers in which the wells are screened, but are listed under separate subheadings that include both aquifer names in the tables.
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Hydrogeology
Ten freshwater-bearing aquifers beneath the study area were named for their general depth below land surface in the Baton Rouge industrial district ( fig. 3) (Meyer and Turcan, 1955, p. 13) . These aquifers primarily consist of beds of unconsolidated sand that generally thicken and dip to the south. Although the aquifers vary in thickness and pinch out locally, the aquifers generally are at least 75 ft thick and can be more than 200 ft thick. The confining units between the aquifers consist of clay and silt, and generally are at least 100 ft thick, but may be 500 ft thick in some areas .
Precipitation north of the study area in Louisiana and Mississippi is the primary source of recharge to the aquifers (Morgan, 1963, p. 11-13) . Generally, water moves downdip in a southerly direction through the aquifers at rates that range from a few tens of feet per year to several hundreds of feet per year (Buono, 1983, p. 24) . The southern limit of freshwater in the aquifers generally is considered to be at or near the Baton Rouge fault (Tomaszewski, 1996, p. 6) .
The Baton Rouge fault is a leaky hydrologic barrier to ground-water flow. Strata on the south side of the fault are downthrown, with displacement increasing with depth from a few feet or tens of feet near the surface to about 350 ft at the top of the "2,000-foot" sand (Durham and Peeples, 1956; Whiteman, 1979) . Prior to development, which began in the late 1800's (Meyer and Turcan, 1955, p. 51) , the Baton Rouge fault impeded southward flow of freshwater. However, by 1960, large cones of depression had developed in several aquifers north of the fault, creating a gradient for northward flow across the fault (Morgan and Winner, 1964) . Test drilling and pump tests conducted across the fault in the "600-foot" sand in the early 1970's determined that ground water could move across the fault in response to withdrawals near the fault (Whiteman, 1979) .
Chloride Concentrations
Background concentrations of chloride in fresh ground water in the Baton Rouge area north of the fault generally are less than 10 mg/L. A chloride concentration exceeding 10 mg/L often indicates the presence of saltwater near a well, especially when the well is located near the Baton Rouge fault. An exception to this is the "2,800-foot" sand that contains naturally occurring saltwater in the southern half of East Baton Rouge Parish and all of West Baton Rouge Parish. Chloride concentrations in the "2,800-foot" sand near a freshwatersaltwater transition zone in the sand often exceed 10 mg/L but are usually less than 15 mg/L. Well screened in the "400-foot" and "600-foot" sands Well screened in the "800-foot" and "1,000-foot" sands Whiteman, 1979, pl. 6; Winner and others, 1968, pl. 6) Well location, number, and chloride concentration, Saltwater movement north of the fault is affected by aquifer permeability, depressions or ridges in the base of the aquifer, and the slope of the base of the aquifer (Tomaszewski, 1996, p. 6) . Hydraulic gradients, which are affected by withdrawals in the study area, also affect the direction and rate of saltwater movement. Because saltwater is denser than freshwater, saltwater encroaches into a freshwater aquifer as a wedge, and the leading edge moves along the base of the aquifer as a thin layer. Because largediameter production wells typically have screens that are several tens of feet long, water withdrawn from the well is a mixture of water entering the screen at various depths along the screen. When chloride concentrations at such wells exceed 10 mg/L, it probably is an indication that a thin layer of saltwater with a higher chloride concentration is present at the base of the aquifer, but is being mixed in the well with overlying freshwater that also is entering the screen.
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Of the 152 wells sampled during 2004-05, chloride concentrations exceeded 10 mg/L in samples from 23 wells located north of the Baton Rouge fault, which indicated the possible presence of saltwater in 8 of the 10 aquifers. Comparison of the sample results with historical data indicated that chloride concentrations are increasing at wells north of the Baton Rouge fault in seven of the aquifers. Summaries of findings for each aquifer are presented in the following sections. Selected well data and chloride concentrations from the sampled wells are presented in table 2. For the purposes of this report, the last chloride concentration measured from a well was used on maps when multiple samples had been collected from that well during the study.
"400-Foot" Sand
Samples were collected from five wells located just north of the Baton Rouge fault, one well in the Baton Rouge industrial district, and one well south of the fault ( fig. 1, table 2) . Chloride concentrations at wells north of the fault did not exceed background concentrations, and no increase in chloride concentrations was indicated at the wells. The downthrown sands on the south side of the fault, which oppose the "400-foot" sand on the north side of the fault, mostly contain freshwater in East Baton Rouge Parish, and the only real threat of saltwater encroachment into the "400-foot" sand north of the fault is from upward migration of saltwater from the underlying "600-foot" sand (Whiteman, 1979, p. 36) . A large-diameter well, EB-1298, located south of the fault in the southeast corner of East Baton Rouge Parish, was sampled and had a chloride concentration of 17.1 mg/L. No increase in chloride concentrations was indicated at well EB-1298. 
"00-Foot" Sand
Samples were collected from 15 wells located north of the Baton Rouge fault. Chloride concentrations exceeded background concentrations at two wells, EB-434 (49.4 mg/L) and EB-793 (29.2 mg/L), located between the fault and the industrial district, and at well EB-1171, located north of the industrial district (fig. 4) . Increasing chloride concentrations at well EB-793 ( fig. 5 ), located at the leading edge of the saltwater defined by Whiteman (1979) , could indicate northward advancement of saltwater toward the Baton Rouge industrial district.
Samples were collected from two wells located near Port Allen, La., in West Baton Rouge Parish and four wells in southeastern East Baton Rouge Parish. Chloride concentrations did not exceed background concentrations at any sampled wells ( fig. 6, table 2) . No increase in chloride concentrations was indicated.
"1,000-Foot" Sand
Chloride concentrations at 13 of 15 sampled wells did not exceed background concentrations ( fig. 7, table 2 ). The chloride concentration at well EB-805, located just north of the Baton Rouge fault, was 9,140 mg/L, the highest chloride concentration determined during the study. Chloride concentrations at well EB-805 have increased continuously since 1965, indicating saltwater leakage across the fault ( fig. 8) . Chloride concentrations at well EB-1328, located about 2.5 mi east of well EB-805, were as high as 222 mg/L (table 2) . 
Figure .
Chloride concentrations in water from well EB-805 screened in the "1,000-foot" sand of the Baton Rouge area, Louisiana (see fig. 7 for well location). Chloride concentrations at 11 of 21 sampled wells exceeded background concentrations ( fig. 11, table 2 ). In East Baton Rouge Parish, chloride concentrations exceeded background concentrations at wells EB-413, EB-510, EB-658, EB-917, EB-918, EB-938, and EB-1295C. Chloride concentrations at wells EB-917 and EB-918, located just north of the Baton Rouge fault, have continued to increase and currently are at 64.8 and 1,010 mg/L ( fig. 12 ). Chloride concentrations also have increased at wells EB-413 (14.8 mg/L), EB-771 (9.14 mg/L), EB-510 (11.2 mg/L), and EB-658 (55.8 mg/L), indicating that saltwater is moving northward ( figs. 13 and 14) . Well EB-1295C is FAULT -Dashed and queried where probable. Hachures on downthrown side (modified from Whiteman, 1979, pl. 6; Winner and others, 1968, pl. 6 YEAR screened in both the "1,500-foot" sand and the deeper "1,700-foot" sand, and it is not known which aquifer is the source of the saltwater at the well. Tomaszewski (1998) documented an area in West Baton Rouge Parish where the "1,500-foot" sand locally contains freshwater south of the fault. Chloride concentrations have increased at all four wells sampled in the area (figs. 15 and 16). Saltwater may be encroaching toward the wells from the surrounding saltwater areas (Tomaszewski, 1998, p. 13 Whiteman, 1979, pl. 6; Winner and others, 1968, pl. 6 Chloride concentrations in water from wells EB-917 and EB-918 screened in the "1,500-foot" sand of the Baton Rouge area, Louisiana (see fig. 11 for well locations). screened in the "1,500-foot" sand of the Baton Rouge area, Louisiana (see fig. 11 for well locations). Figure 1 . Chloride concentrations in water from wells EB-413 and EB-771 screened in the "1,500-foot" sand of the Baton Rouge area, Louisiana (see fig. 11 for well locations).
Figure 1.
Chloride concentrations in water from wells WBR-132 and WBR-173 screened in the "1,500-foot" sand of the Baton Rouge area, Louisiana (see fig. 11 for well locations). Figure 14 . Chloride concentrations in water from wells EB-510 and EB-658 screened in the "1,500-foot" sand of the Baton Rouge area, Louisiana (see fig. 11 for well locations).
table 2). The chloride concentration was 50.3 mg/L at well EB-1295C, which is screened in both the "1,500-foot" and "1,700-foot" sands. It is not known which aquifer is the source of the saltwater at the well, and historical data for the well are insufficient to determine whether chloride concentrations at the well are changing over time.
"2,000-Foot" Sand Samples were collected from 25 wells located north of the Baton Rouge fault and 3 wells located south of the fault ( fig. 18, table 2) . North of the fault, chloride concentrations exceeded background concentrations at three wells, EB-630, EB-1028, and EB-1150, located between the fault and the industrial district. Chloride concentrations at the wells exceeded 100 mg/L and have increased ( fig. 19) . Movement of saltwater in the "2,000-foot" sand toward withdrawal centers in the industrial district was documented by . The chloride concentration at well EB-783B, located "2,00-Foot" Sand Wells screened in the "2,800-foot" sand generally are located in the northern half of East Baton Rouge Parish because the "2,800-foot" sand contains saltwater from the Baton Rouge fault to about 2 mi north of the fault. A zone of transition from saltwater to freshwater farther extends from about 2 to 7 mi north of the fault and ends just north of the Baton Rouge industrial district (Tomaszewski, 1996, p. 27) . Chloride concentrations at 11 of 16 sampled wells located north of the transition zone did not exceed background fig. 22, table 2 ). Chloride concentrations at wells EB-623, EB-978, and EB-1268 ranged from 11.5 to 12.9 mg/L. Chloride concentrations at two of the southernmost wells, EB-750 and EB-798, were greater than background concentrations (67.2 and 262 mg/L) and increasing ( fig. 23 ). Because these wells are located within the freshwater-saltwater transition zone (Tomaszewski, 1996, p. 29) , the increasing chloride concentrations could be due to upconing of saltwater from the base and do not necessarily indicate that saltwater in the "2,800-foot" sand is moving northward in the area. Chloride concentrations in water from wells EB-750 and EB-798 screened in the "2,800-foot" sand of the Baton Rouge area, Louisiana (see fig. 22 for well locations).
